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PREFACE
Description of a Special Software (SS-PSA), covering all the four levels of NPPs Probalistic
Safety Analysis (PSA), is given. The SS-PSA software is intended for sequential fulfilment with
a Personal Computer by one expert or a few experts of works for joint (integrated) analysis of
reliability and safety of NPP with RBMK type reactor, beginning from an Initiating Event up to
calculation of the radiation dose of a person. In particularly if experts are using only the first two
levels of PSA, the SS-PSA software is the basis for development of a Risk Monitor, enabling to

determine the NPP safety level in real time.

SUMMARY

Conditionally the methodology of reliability analysis of NPPs technical systems and NPPs
operational safety may be splited into some dozens of sections, each of which contains its own
methodology and its own computation package of codes. These methodologies and codes, as a
rule, were developed by various institutes. In connection with it the modern methodology of
NPPs reliability and safety analysis is inaccessible for solution of operative tasks of NPPs safety,
because it requires effective interaction both between scientific, design and project organizations
and with NPPs staff. So constantly there was the task to develop an express-methodology of
NPPs reliability and safety analysis on the basis of the existing methodology. The methodology
must be closed, i.e. the methodology must cover all the main sections of the analysis, but at the
same time the one must be operative at its application. Here the operativeness means, in the first
turn, that the whole complex of the necessary calculations must be conducted independently by
one organization or by NPPs staff or, that is extremely desirable, by one highly skilled expert.

METHODOLOGY. For all main areas of the analysis, that are four levels of the Probalistic
Safety Analysis (PSA), packages of codes were chosen. These codes are rather simple in using
them at Personal Computers and which were developed on the basis of engineering techniques.
In the result a Special Software (SS-PSA) was developed, consisting of the next sections,

techniques and codes:



PSA-0: calculation of reliabiulity of technical systems, method of Fault Trees, codes PSA
PACK, PC SETS, IRRAS, SAPHIRE.

PSA-1: determination of category of nuclear fuel damage for given Initiating Event and
calculation of core damage frequency, method of Event Trees, code RELAPS.

PSA-2: calculation of accumulation of radionuclides and transference of the radioactivity into
NPPs compartments and calculation of radioactive release into atmosphere, codes AFPA,
VSPLESK, JET.

PSA-3: calculation of transference of the radioactivity into environment and calculation of
radiation dose of a person, Gaus's theory of transference of the impurity into environment,
technique of the International Commission for Radiation Protection (ICRP) for determination of
radiation dose for a person, codes BIOMA, DOZA.

Further these codes were installed at a Personal Computer. In the result an Automated
Working Place (Workstation) of a researcher was formed for NPPs intergrated reliability and
safety analysis. Together with graphic opportunities of the Personal Computers the Workstation
of a researcher provides convinient software for execution of reliability and safety analysis of
different NPPs.

PILOT APPLICATION. In the most cases the SS-PSA software is intended for the NPPs
integrated reliability and safety analysis. It means that with the help of this software a researcher
can carry out the necessary series of the tasks for reliability and safety of NPPs, beginning to do
it from an Initiating Event and ending it throught calculation of radiation dose of a person in the
result of this Initiating Event. In principle it is possible to unite all the dominant Initiating
Events. Then the SS-PSA software is transformed into a calculation system, enabling to
determine the safety level (risk) of the considered NPP. It is possible, naturally, to carry out the
necessary investigations for reliability and safety in parts for every main section of research.
Pilot application of the SS-PSA software was conducted for solution of series of practically
important tasks for NPPs with RBMK type reactors. In the result of the calculations very
important recommendations were received for increasing of safety level of NPPs with RBMK
type reactors, which were introduced during the up-grading reconstruction of the first Units of
Leningrad and Kursk NPPs. The results of the calculations were also applied during
development of measures for increasing of safety level of Ignalina NPP for reception of the
licence for its long operation. Some time ago similar calculational investigations for review of
the International project "Probabilistic Safety Analysis and Deterministic Safety Analysis of the

second Unit of Leningrad NPP" were carried out.
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RESUME
Description of a Special Software (SS-PSA), covering all four levels of NPPs Probalistic
Safety Analysis (PSA), is given. The SS-PSA software is intended for sequential fulfilment with
the help of a Personal Computer by one expert or a few experts of works for joint (integrated)
analysis of reliability and safety of NPP with RBMK type reactor. The works begin from an
Initiating Event up to calculation of the radiation dose of a person. In particularly if experts are
using only the first two levels of PSA (PSA-0 and PSA-1) , the SS-PSA software is the basis for

development of a Risk Monitor, enabling to determine the NPP safety level in real time.

1. METHODOLOGY

Conditionally the methodology of reliability analysis of NPPs technical systems and NPPs
operational safety may be splited into some dozens of sections [1,2], each of which contains
its own methodology and its own computing package of codes. These methodologies and codes,
as a rule, were developed by various institutes. In connection with it the modern methodology of
NPPs reliability and safety analysis is inaccessible for solution of operative tasks of NPPs safety,
because it requires effective interaction both between scientific, design, project organizations
and with NPPs staff. So constantly there was the task to develop an express-methodology of
NPPs reliability and safety analysis on the basis of the existing methodology. The methodology
must be closed, i.e. the methodology must cover all the main sections of the analysis, but at the

same time the methodology must be operative at its application. Here the operativeness means,



in the first turn, that the whole complex of the necessary calculations must be executed
independently by one organization or by NPPs staff or, that it is extremely desirable, by one
highly skilled expert.

For all main areas of the analysis, that are four levels of the Probalistic Safety Analysis
(PSA), packages of codes were chosen [3]. These codes are rather simple in using them at
Personal Computers and which were developed on the basis of engineering techniques. In the
result a Special Software, named SS-PSA, was developed, consisting of the next sections,

techniques and codes, presented in Table 1.
TABLE 1. STRUCTURE OF THE SPECIAL SOFTWARE "SS-PSA".

PSA level  Field of the analysis Techniques Codes
PSA-0 Calculation of technical Method of Fault Trees [4] PSA PACK
systems reliability. PC SETS
IRRAS
SAPHIRE
PSA-1 Determination of nuclear Thermo-hydraulics RELAPS
fuel damage category theory
for given Initiating Event.
Calculation of core damage Method of Event Trees [1] IRRAS
frequency. SAPHIRE
PSA-2  Calculation of accumulation MEPHI's method AFPA
of radionuclides in the core.
Transference of the Method of Heating VSPLESK
radioactivity into NPPs Engineering Institute (VTI) JET
compartments and calculation for calculation of spreading
of radioactive release of steam-water-air mixture
into atmosphere into NPPs compartments [5]
PSA-3  Calculation of transference Gaus's theary of transference BIOMA
of the radioactivity into . of the impurity into

environment. environment [6]



Calculation of radiation dose Technique of the International DOZA
of a person. Commission for Radiation

Protection (ICRP) for

determination of radiation dose

for a person [7]

Further these codes were installed at a Personal Computer. In the result an Automated
Working Place (Workstation) of a researcher was formed for NPPs intergrated reliability and
safety analysis. Together with graphic opportunities of the Personal Computers the Workstation
of a researcher provides convinient software for execution of reliability and safety analysis of

different NPPs.

2. PILOT APPLICATION OF THE "SS-PSA" SOFTWARE

FOR RELIABILITY AND SAFETY ANALYSIS OF RBMK TYPE REACTORS

In the most cases the SS-PSA software is intended for the NPPs integrated reliability and
safety analysis. It means that with the help of this software a researcher can carry out the
necessary series of the tasks for reliability and safety of NPPs, beginning to do it from an
Initiating Event and ending it up to the calculation of radiation dose of a person, in the result of
this Initiating Event. In principle it is possible to unite all the dominant Initiating Events. Then
the SS-PSA software is transformed into a calculation system, enabling to determine the safety
level (risk) of the considered NPP. It is possible, naturally, to carry out the necessary
investigations for reliability and safety in parts for every main section of research. Pilot
application of the SS-PSA software was conducted for solution of series of practically important
tasks for NPPs with RBMK type reactors. In the result of the calculations very important
recommendations were received for increasing of safety level of NPPs with RBMK type
reactors, which were introduced during
the reconstruction of the first Units of Leningrad and Kursk NPPs. The results of the
calculations were also applied during development of measures for increasing of safety level of
Ignalina NPP for reception of the licence for its long operation. Some time ago similar
calculational investigations for review of the International project "Probabilistic Safety Analysis

and Deterministic Safety Analysis of the second Unit of Leningrad NPP" were carried out.

RELIABILITY ANALYSIS (PSA-0):
1. Reliability analysis of RBMK Safety Systems of the Second part of Kursk NPP and the First



part of Smolensk NPP [ 8 ] was conducted.
2. Reliability analysis of RBMK Fast Acting Part and Long Acting Part of ECCS
of Kursk NPP First Unit both before modernization [ 9, 10 | and after modernization [ 11, 12 ]
was carried out.

3. Reliability analysis of ECCS Fast Acting Part of Ignalina NPP First Unit was executed [ 13 ].

SAFETY ANALYSIS (PSA-2):
1. Consequences of accidents with breakage of Pressure and Distribution Group Headers
of Smolensk NPP Third Unit were analysed [ 14 ].
2. Change of pressure in compartments of Leningrad NPP First Unit after hypothetical
breakages of Pressure and Intake Headers of RBMK reactor were analysed [ 15 ].
The similar problem was solved also for partial breakages of Pressure Header and Intake
Header [ 16 ].
3. Calculational substantiation of main measures for development of steam-air mixture
dumping
for RBMK reactor of Leningrad NPP First Unit was conducted [17].

SAFETY ANALYSIS (PSA-1 and PSA-3):
By means of the SS-PSA software some problems were solved also for PSA-1 and PSA-3.
Appropriate calculations were carried out for Deterministic Support of the preliminery PSA for

Kursk and Smolensk NPPs.

3. FURTHER APPLICATION OF THE"SS-PSA" SOFTWARE

In the report [ 13 ] on the basis of reliability calculations of Ignalina NPP ECCS, using the
USA's IRRAS package, the potential possibility for development of a Risk Monitor of real
time by means of Personal Computers was studied. Below main results of this work are
provided.
Similar analysis of ECCS reliability analysis of RBMK reactors was carried out earlier [ 18 ].
However in this case reliability characteristics of ECCS components were taken from the
IAEA's Integrated Data Base, as far as at that time the reliability data for RBMK reactors were
unsufficiently. Some time later such data were received and therefore there was the
opportunity of fulfilment of similar calculations, using the real data. In this case, as earlier, the
ECCS of Ignalina NPP Unit 1 was considered, reliability data were taken from the materials of

the Russian-Swidish project "Barselina" [ 19 ].



In contrast to earlier used for reliability analysis of program FTAP ( Fault Tree Analysis
Programme ) in given case the SETS code ( Set Equation Transformation System ) was applied.
It should be noted, that the SETS code makes the basis of packages for reliability analysis,
that is used at the present time : the American IRRAS and the Swedish RISK SPECTRUM
packages. This program is included also into the last versions of the ITAEA's PSA PACK
package.

However in contrary to used packages, where the reliability analysis is carriing out for the
Graphical Fault Tree, which is formed on the screen of Personal Computer monitor, in given
case Boolean analogue of the Fault Tree was under construction. This circumstance has allowed
to define "pure" time of the solving problem, i.e. without taking into account the running
time for
the service-conversion of the Graphic Fault Tree in the Boolean one.

Such an approach was chosen according the two reasons:

1. The merging of small Graphic Fault Trees into the large one is not always executed
successfully, at least, by means of the PSA PACK package.

2. Knowing the "pure" time of calculation of one Safety system everybody can evaluated the
running time for analysis of one configuration of all Safety Systems of RBMK reactor.

The calculations were executed for two stages. During the first stage the separate reliability
analysis of various Safety channels was was conducted for Fast Acting Part of the ECCS, i.e. for
each safety channel its own Fault Tree was constructed and analysed. During the second stage
common reliability analysis of various safety channels of the ECCS Fast Acting Part was

conducted, i.e. by means of one large Boolean Fault Tree.

RELIABILITY ANALYSIS: The starting item during the execution of the work was the
Graphical Fault Tree, given in the report for the project "Barselina" [ 19 ]. Reliability
characteristics of the needed components are there. The final Boolean Fault Tree for all the

ECCS Fast Acting Part (FAP) is given in Table 2.

TABLE 2.
BOOLEAN ANALOG OF THE UNITED FAULT TREE FOR IGNALINA NPP ECCS

GABC OR GAB GAC GBC
GAB AND GAO00 GBO00
GAC AND GAO00 GC00



GBC
GAO00
GAA00
GAAIOQ
GAA20
GAA40
GAA41
GAA21
GAAAO00
GAAAIQ
GAAA20
GAAA30
GAAA31
GAAA22
GABO0
GABI10
GAB20
GAB30
GAB31
GABAOO
GBO00
GBAOO
GBA10
GBA20
GAB40
GAB41
GBA21
GBAAOO
GBAAI10
GBAA20
GBAA30
GBAA3I
GBAA22
GBBO00

AND
OR
OR
OR
AND
OR
OR
OR
OR
OR
AND
OR
OR
OR
OR
OR
AND
OR
OR
OR
OR
OR
OR
AND
OR
OR
OR
OR
OR
AND
OR
OR
OR
OR

GBO00
GAAO00
GAAI10
GAA20
GAA40
TH15S01
TH15S02
TH30S01
GAAAI10
GAAA20
GAA30
CUTI
CUT1
TH30 03
GAB10
GAB20
GAB30
TH25S501
TH25S02
LSTFI
GBAO0OO
GBA10
GBA20
GBA40
TH14S01
TH14S02
TH40S01
GBAA10
GBAA20
GBAA30
CUT2
CUT2
TH40S03
GBB10

GC00
GABO0
GAAAO00
GAA21
GAA41
EKK11
EPI1
TH30S02
RSTF1
GAAA22
GAAA31
TH30S03S

TH15S03

TH30S04
TH30 S04
GABAO0
GAA21
GAB31
EK11
EPI1
GAAAIO
GBBO00
GBAAO0
GBA21
GBA41
ENI1
EJ11
TH40S02
RSTF2
GBAA22
GBAA31
TH40S03
TH40S04

TH40 S04

GBB00

SLVsI

TH25S03

TH14S03

SLUS1
S LVS51

TH15S04

TH25504

TH14 S04



GBBI10 OR
GBB20 AND
GBB30 OR
GBB31 OR
GBBAOO OR
GC00 OR
GLO0O OR
GL10 OR
GL20 AND
GL80 OR
GL8&2 OR
GL21 AND
GL41 OR
GL42 OR
GLA43 OR
GL22 AND
GLAOO OR
GLA10 OR
GROO OR
GR10 OR
GR20 AND
GR&80 OR
GR&2 OR
GR21 AND
GR41 OR
GR42 OR
GR43 OR
GR22  AND
GRAOO0O  OR
GRA10 OR
Note:

1. OR and AND - logical operators,

GBB20
GBB30
TH24S01
TH24S02
LSTF2
GLO0O
GL10
GL20
GL80
TH19S05
TH18S04
GL41
TH18S02
TH19S02
TH19S03
TH18S01S
GLAI10
TH18S02S
GRI10
GR20
GR80
TH29S05
TH28S04
GR41
TH28S02
TH29S02
TH29S03
TH28S01S
RGA10
TH28S02S

GBA21 TH24S03
GBB31
EN11
EJ11
GBAAI10
GROO

GLAO00

GL21
GL82
TH19S04S
TH18S03S
GL42
LA22
LA23
LA22
TH19 SO01 S
RSPUR
TH19S02S

GRAO00

GR21

GR82

TH29S04S

TH28 S03 S

GR42

LA25

LA26

LA25

TH29 S01 S
LSPUR
TH29S02S

GL22

GLA43

GR22

GR43

2. logical variables begin with the letter G,

TH29S03S

TH24S504

TH19 S03 S

3. the rest variables, TH15S01, CUT1 and etc. type, represent parameters of reliability ( basic



events ) for appropriate components of the ECCS FAP of Ignalina NPP on the hydraulic

diagram.

The calculational results are given in Table 3. From the results of
calculations it follows, that the probability of failure on demand of
the ECCS Fast Acting Part is small and equal to 1.0 E-04. Top value of this parameter
as the Canadian experts think [ 20 ], is the value, equal to 1.0 E-03.
Thus the ECCS FAP of Ignalina NPP is rather reliable safety system.

TABLE 3. MAIN RESULTS OF THE CALCULATIONS.

Probability
Safety Channel of Failure on demand Running time, sec.
1-th balloon channel 7.87 E-03 1.5
2-th balloon channel 7.87 E-03 1.5
Pump channel 2.43 E-03 1.8
ECCS Fast Acting Part ~ 9.97 E-05 11.7

(as a single whole)

RUNNING TIME: From Table 3 it also follows, that the time, expended by

a Personal Computer PC-386 for the reliability analysis of one safety system,

consisting of about 70 components is small and equal to in all 12 sec. At the present time it is
established [ 19 ], that the reliability analysis of RBMK reactors includes in consideration not
more than 20 technical systems, important for safety. And in each system it is taken into
account not more than 50-100 components. Therefore the reliability analysis of RBMK reactor (
for one

configuration of safety systems ) can be executed by means of a Personal Computer during 3-4
minutes. It means, that on the basis of the methodology, used here, i.e.the application of the
Boolean Fault Tree, one can develop operative indicator of safety lavel, frequently named by

RISK MONITOR. However for it it is necessary previously to execute the next work: for each



Initiating Event it needs the particular Event Tree to be transformed in the Boolean Fault Tree

and then to conduct summarising for all the Initiating Events.

4. CONCLUSION

1. Modern methodology of reliability analysis and safety of NPPs in view of its bulkyness
does not permit to solve practical tasks operatively . So constantly there was the task to develop
an express-methodology of NPPs reliability and safety analysis on the basis of the existing
methodology. The methodology must be closed, i.e. the methodology must cover all the main
sections of the analysis, but at the same time the one must be operative at its application.

2. For all main areas of the analysis (calculation of reliability of Technical Systems,
determination of category of nuclear fuel damage for given Initiating Event and calculation of
core damage frequency, calculation of accumulation of radionuclides and transference of the
radioactivity into NPPs compartments and calculation of radioactive release into atmosphere)
packages of codes were chosen. These codes are rather simple in using them at Personal
Computers and which were developed on the basis of engineering techniques.

3. Further these codes were installed at a Personal Computer. In the result a Special Software
(SS-PSA) for the personal computers was created. Together with graphic possibilities of the
personal computers this Special Software provides convinient software for execution of
reliability anf safety analysis of different NPPs.

4. By means of the SS-PSA software a series of practically important problems for analysis

of reliability and safety of NPPs with RBMK type reactors was resolved.
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YAK 621.039

VMHTETPUPOBAHHBIM AHAAM3 HAAEJKHOCTU

1 BE3OITACHOCTHM ASC C PEAKTOPAMM PEMK

PHL] "KypuaTtoBckuit MuctutyTt", 123182, Mocksa, na. Akapemuka KypuaToBa

Bunnukos b.M

[MpuBoAuTCS omMcaHue CIlielfUarbHOTO MaTeMaTudeckoro obecreuenuss (CMO —BAB),
OXBaTHIBAIOIIEro BCe UeThIpe ypoBHA BeposarHocTtHOro AHaan3za be3onacHoctu (BAB) ASC.
MaremaTtuueckoe o6ecrieuerrne CMO —BAB npepHa3zHaYeHO AAS TOCAEAOBATEABHOTO BBITIOAHEHUST Ha
TIEPCOHAABHOM KOMITBIOTEPE OAHUM COTPYAHUKOM WAV HEOOABIIOM TPYHIION COTPYAHWKOB pabOT AAS
COBMECTHOTO (MHTErPUPOBAHHOIO) aHAAM3a HAAEKHOCTH U
oe3omnacHocTu ADC c peaktopoMm PBMK, naunnas ot Mcxopnoro CoOBITUS U KOHYAS AO030U
00OAyYeHMs YeroBeKa. B 4acTHOCTH, eCAM OTPaHMUYMBATHCS TOABKO TTEPBLIMU ABYMsI ypoBHsMu BABa,
MaTteMaTtudeckoe obecrneueHrie CMO —BAB cAy>kUT ocHOBOU pa3paboTku Mouurtopa Prcka,

IIO3BOALAIOINIIETO B PEAABHOM MacITade BpeMeHU OIIPeAeNsITh YPOBEHDb 6ezomacuoctu ASC.

INTEGRATED RELIABILITY AND SAFETY ANALYSIS OF NPPS WITH RBMK TYPE REACTORS.
B.I. VINNIKOV. Description of a special software (SS—PSA), covering all the four levels of NPPs
Probabilistic Safety Analysis (PSA), is given. The software SS—PSA is intended for sequential
fulfillment with a personal computer by one expert or a few experts of works for joint ( integrated )
analysis of reliability and safety of NPP with RBMK type reactor, beginnig from an Initiating Event up
to calculation of the radiation dose of a person. In particularly if you are using only the first two levels
of PSA, the software SS—PSA is the basis for development of a Risk Monitor, that enabling to

determine the NPP safety level in real time.



1. ITIOTEHIIVAABHBIE BO3MOXHOCTH N1 OTPAHUYEHU S

METOAOAOTUU BEPOSATHOCTHOI'O AHAAW3A BE3OITACHOCTHA

ADC

MupoBas npakTuka aHaAu3a O0e3omacHoCTH ADC B IIPOIIAOM U B OOABIIIOU
CTelleHU B HACTOLIIEeM OCHOBBIBAETCS HA AETEPMUHUCTCKOM IIOAXOAE,
00yCAOBA€HHOM OCHOBHBIMU WH>X€HEPHBIMU IIPUHIUIIAMU O0eCIIeuYeHUs
0€e30IIaCHOCTY, TAKUMHU KaK: KOHIIENIIN 3allJUTEl B TAYOUHY, OIIpeAeAeHne Habopa
IIPOEKTHBIX aBapui, IIPUHIIUII EAMHUYHOI'O OTKa3a, CclleuduiecKrue KpUTepun
IIPOEKTUPOBAHUA AT KaXA0ro thitla ADC m T.n. BeIgBAgeMBble IPOOAEMBI IIPU 3TOM
pelarTcd Ha OCHOBE COYETAaHUSI MH)KEHEPHOTO IIOAXOAA U OIBbITa SKCIIAYATAllUH.
OAHAKO BEpPOSITHOCTHOE CYy’KA€HHe BcCeraa OBIAO IIPHUCYIe NMPOlLecCy HPUHATUS
pelleHnit ¥ B 3TOM CAydae. B KauecTBe HaunbOoaee PKOro nmpuMepa MOKHO yKa3aThb
cam npuHiun ALARA (As Low As Reasonably Achieved), arexamuii B OCHOBE IIOAXOAQ
K 0e30IacHOCTH.
B sTON CBA3M COBEpPLIIEHHO 3aKOHOMEPHBIM SBUAOCH BHAYane

IIOCTEeIIeHHOe, a cendyac OypHOe pa3BUTHE B MHUPOBOM IPAKTUKE
COOCTBEHHO BEPOATHOCTHOM METOAOAOTUU IPU aHaauie Oe3omacHocTtu AJC,
MO3BOALIONIEN He TOABKO AeMOHCTPUPOBATh OTHOCHUTEABHYIO 0e30IIaCHOCTh
A3SC, HO U BCKPBIBATh HEOIIPEAEAEHHOCTH B 3TOU npobaeme. [loka He
IIPUXOAUTCI TOBOPUTH O BBITECHEHUM BEPOSTHOCTHBIMU METOAAMU
AETEPMUHUCTCKOTO IIOAXOAQ, HO YyiXKe $BAsIeTCS OOIeNpU3HaHHON
IIOAE3HOCTh M Aa’Ke HEOOXOAMMOCTH AOIIOAHEHHUSI OAHOTO IIOAXOAA APYTHM.

Tepmun Bepoarnoctabl AHaAu3 besonacHoctn (BAB), Probabilistic

Safety Assessment (PSA), Bomien HbIHe B OOIIyI0O HOPAKTHUKY KakK



o0o03HaueHre NPUMEHEHUsST METOAOB BEPOSITHOCTHOTO aHaAM3a pPUCKa B
KaueCTBe MHCTPYMEHTA UCCAepOBaHus Oe3onacHocT ADC M HMHCTPyMeEHTa
onleHKU ypoBH4 Oe3onacHocTu AJDC. Ilpu 5TOM HCHOAB3YIOTCSI AOTMYECKHE
CTPYKTYPHL AePEBLEB OTKA30B U AEPEBbEB COOBITUM B COYETAHUU C
QHAAUTUYECKUMU METOAAMU MOAEAUPOBAHUS IIPOIECCOB, HATPUMeEpP, aMepPUKaHCKUMN
koA RELAP, ana uccaepoBaHUS 3PEPEKTUBHOCTU CAOKHBIX CUCTEM 0e30IIaCHOCTH, a
TakK>Xe AAS aHaau3a peakiiuu ADC Ha pa3AMYHOE COYeTaHMEe UCXOAHBIX COOBITHUH,
BHEIITHUX BO3AEMCTBUHN U OTKA30B B CHCTEMax.

[To ycranoBuBmIelics B mupe Tpapunuu BAB ASDC mnoppaspendercsa Ha
yeTblpe ypoBH4. CTaBHIUM B MHUpPe [OYTU TPAAUIIMOHHBIM aHAAU3
XapaKTEPUCTUK HAAEKHOCTU OTAEABHBIX CUCTEM Ha3BaH HUKHUM HWAU
HyAreBBIM ypoBHeM BABa, BAB—0. Ha mnepBom yposHe BAba, BAB—1,
QHAAUBUPYIOTCI U PACCYUTHIBAIOTCS IIOCAEAOBATEABHOCTH COOBITUM (CIleHapuu
aBapuii), TPUBOAIIINE K IIPEBLINIEHUIO TPOEKTHBIX IIPEAEAOB ITOBPEKAEHUSI
0apbepoOB, YAEP KUBAIOUINX PAAMOAKTUBHOCTh. CIleHapuM paspylleHus UAU
IIAGBACHUS aKTUBHOM 30HBI, MCCAEAOBAHUWE IIPOIECCOB B CHUCTEMEe AOKAAM3alluH,
pacupocTpaHeHue PAAMOAaKTUBHBIX BEIleCTB B IIpeAeAax 3JHeproobAoKa u
dopMupoBaHUe BHENIHUX IIO0 OTHOUIEHUIO K 3HEProOAOKYy UMCTOYHUKOB
PaAMOaKTUBHOCTH aHAAU3UPYIOTCA Ha BTopoM ypoBHe BABa, BAB—2. Ha TpeTbeM,
nocaepHeM ypoBHe BABa, BAb —3, aHaAM3UPYIOTCA IIOCAEACTBUS aBAPUU AAT
HaceAeHMs U OKPY’Kalollel cpepbl. BBIMOAHeHWe BceX 3TalloB oOeclieuynuBaeT
noaHoMacinTabHbili BAB.

B nacTosiniee BpeMsi BAB ADC cTaa cTaHAQPTHBIM METOAOM OII€eHKHU pHCKa OT
A3C, a Tak)Ke CTaHAAPTHBIM METOAOM AAABHEUIIIErO YCOBEPIIEHCTBOBAHUS 3THUX

YCTAHOBOK. BAB gaBasieTcs HMHCTPYMEHTOM, MHCIIOAB3YE€MBIM AAdA CUCTEMaATHYECKOU



IIPOBEPKU KOHCTPYKTUBHBIX U MPOEKTHHIX pelieHUuU 1o ADC MAU T POBEPKU
SKCIIAYQTAllMOHHBIX YCAOBHU C II€ABIO HAXOXAEHUS 3(P(PEeKTUBHBIX IIyTeU
MOBBILIIEHN 0e30MaCHOCTU YCTAHOBKHU.

[AaBHOM HMCXOAHOU IIEABIO PA3BUTUSA METOAOAOTHUU PHUCKA OBIAO
KOAMYECTBEHHOE OIIpepAeAeHre PUCKA, KOTOPOMY IIOABEPraeTcsl HaceAeHue
B CBSI3HU C 3KCIIAyaTallMeM CTAaHIUU (AOKAap rpynnsl Pacmyccena [ 1 ]), Aag Toro,
YTOOBI CPABHUTH €TI0 C PUCKOM OT APYTUX IIPOM3BOACTB U APYIHMX BHUAOB
AEATEeABHOCTH. BiocaepcTBUU MHTepecC ChOKYyCHUPOBAACa Ha MeTopororuu BAD
ypoBHA 1 ( TO eCcTh, IIO CYyILIEeCTBY, Ha OIPEAEA€HUM pPHUCKA IIOBPERAECHUSI
AKTUBHOU 30HBI), KOTOpasgd MNPUHSAAA AOCTATOYHO CTAHAAPTHU30BAHHBINM BUA. B
HacTosillee BpeMsg OOABIIMHCTBO CTPAH BBIIIOAHUAO, IO KpallHel Mepe, HECKOABKO
BAD ypoBHSZ 1| AAM OTAEABHBIX CTAHIIWM.

BADB obecneunBaeT bopMUpOBaHUE TTIOAPOOHBIX MOAEAEM AAS aHaAM3a U
IIOAYYEHUS KOAMYECTBEHHBIX OII€HOK PHCKQE, CBA3aHHBIX C
BO3MOJKHBIM BAMSHUEM PAa3AWYHBIX [I€PEXOAHBIX COOBITMM U aBapuy,
KOTOpBIE MOTYT IIPOUCXOAUTE Ha ADC. Mopean oObepAUHAIOT B cebe pa3AuYHBIE
acneKThbl KOHCTPYKOun ADC U UX 5KCIAyaTallMM, 4YTO IO3BOASeT COAAaHCUPOBATH
BAWSTHUE BAa’KHBIX (DAKTOPOB HAa BeAMUYMHY pucKa. CaMas o4eBHMAHAA IIOAB3a, KOTOPAas
MO>KeT OBITh ITIoOAydYeHa OT BAB, 3TO MCIIOAB30BaHMeE €ro B IIeAIX NPUHATUSA pelleHus
00 YyCOBEpIIEHCTBOBAHUAX HA OCHOBE OIIbITa 3KCHAyaTauuu. BAB aBasgercsa
HaAUAYUYIINM WHCTPYMEHTOM AAS BBIIBAEHUS CAQOBIX MECT YCTAHOBKH, @ TaKXe AN
X PAH)XUPOBAHMA 10 CTEIIEHW MX BKAAAQ B PUCK. OTH YCOBEPIIEHCTBOBAHUSA Ha
OCHOBE IpEe’XHero ONbITa AOAKHBI IOHUMAThCAd KaK H3ydYeHHe Pa3AUudHBIX
BOIIPOCOB, B KOTOPBIX MOAeAr BADB u ero pes3yabTaThl MOI'YT IIOMOYBb B BHIIBA€HUU

CAAOBIX MecCT CTaHIIUH.



Bo—nepBbiXx, BAb 103BOASeT BBIIBUTBH Te ACHEKTHl B KOHCTPYKIUU
YCT@HOBKM, KOTOPbIEe MOJKHO YAYUYIIUTH C I[eABIO yMeHBbIIeHUs1 pucka. [lo
pe3yapraTaM BABa BBIABAAIOT KPUTHYECKHME eAWHUYHBIE OTKa3bl WAU
COYEeTaHMWd OTKA30B, @ TaK’Ke OTKas3bl MO OOllel IIpuYyuHe U OoOIIue
3aBUCHUMOCTH, KOTOPbIe MOI'YT IIPUBOAUTH K OTKa3y Cpady HECKOABKHX
TEXHOAOTUUECKHUX CUCTEM Oe30IIaCHOCTU. Tak’Ke YKa3bIBAIOTCS BO3MOJKHBIE
U3MEeHeHUs B KOHCTPYKIUMM, HallpaBA€HHBbIe Ha COKpAllleHWM BpPEMEHU,
TpeOyeMOro AAI HEKOTOPBIX KPUTUYECKUX ACUCTBUM IIE€PCOHAAQ, OCOOEHHO,
€CAU OHHU TpeOyIOT BKAIOYEeHUSI OOOpPYAOBaHHUA B pabOTy IO MecCTy,
HalpuMep, IIyTeM 3aMeHBbl apMaTyphbl, VyIPaBAIeMOM AOKAAbHO, Ha
AUCTAQHIIMOHHO yIpaBAsieMyto. OueHb Ba’KHO 3aMeTUTh, 4To BAB mno3Boaser
NIPOU3BECTU PAHKUPOBAHME Ba)KHOCTH PA3AMYHBIX IIPOEKTHBIX U3MEHEHUU Ha OCHOBE
OILIEHOK YyBCTBUTEABHOCTH M 3HAYMMOCTHU. OTO IIO3BOASET AErKO
NIPUHATH pellleHre O TOM, KaKoe U3MeHeHHe CAeAyeT BHOCHUTH B IIEPBYIO
OYepeAb.

Apyrou oOAaCTBIO, B KOTOPOM, KaK yyke AoOKaszaHo, BAB mnoaesesn,
ABASIOTCS aBapuliHble nHCTpyKOuu (Al). BAB mmpoko ucnoasdyer AU nipu
OIMCAHUM aBapPUMHBIX IIOCAEAOBATEABHOCTEN U IPU aHAaAM3€e BepOSITHOCTEeN
OIIMOOYHBIX A€MCTBUM IIepCOHAAA. TaKUM IIyTeM MOYKHO OOHApy’KUTb U
HUCIIPABUTh BHYTPEHHHUE HeCOOTBeTCcTBUA B All, a TakXe NOPEANOKUTH
U3MEHEeHUs UAU HAaUTHU aAbTEPHATHUBBL, KOTOPble He OBIAM IIPUHATHL BO
BHUMaHUeE paHee, HO OBIAM OIpPEAEAEHBl IIOCA€  aHaAu3a
IIOCAEAOBATEABHOCTEN. ITpu 3TOM MOTYT OBITH CAEAQHBI PEKOMEHAAIIUU IO
yAyulreHnto AVl ¢ TOUKU 3peHus MOBBIIIEHUS YeAOBEYeCKOro hakTopa.

Tpetbelt obOaacTbio, B KoTOopoiut BADB paaeT 1meHHyi0 uH(QOpMaIuio,



SABASIIOTCSI BOIIPOCHI UCIIBITAHUM M PEMOHTOB 00OpypOBaHug. BAB mnomoraer
BBIIBUTHL OOOPYAOBaHUE, KOTOPOE COBCEM He INpPOBepseTCcs HAU He
IPOBEPSETCS AOAJKHBIM 00OPa3OM OTHOCHUTEABHO OIPEAEAEeHHBIX OTKa30B. OTO
TpeOyeT OOAee AETAaABHOM HH(POPMAIMM IO IIPOLlEAypPaM I[POBEPKH U
peMoHTa OOOPYAOBAaHUSI WAM HaBBIKAM IlepcoHara. BAB 1mo3Boager
IPEANOKUTH HEKOTOPhIe U3MEHEHUS B IIPOIeAYyPhl OOCAYKUBAHUS AN TOTO,
yTOOBl OBITH YBEPEHHBIM B TOM, YTO OOOpPYAOBaHHE IIPOBEPSETCH
COOTBETCTBYIOIIUM 0OO0Opa3oM. AHAAOTMYHBIM OOpPa3oM MOJKHO BBIIBUTH
KPUTHUUYECKOe O0OPYAOBAHME C BBICOKOU HETOTOBHOCTBIO, OOYCAOBAEHHOU
IpOBEepPKaMU UAM OOCAY’KHMBaHHEM. B 3TOM caydae MOXKHO ONTHMU3UPOBATH
NIPOLIeAYPY OOCAY>KUBAHUS AAS TOTO, YTOOBI MAKCUMAABHO YMEHBIIUTb €ro
4aCTOTy M TpeOyeMoe BpeMs.

Kak ObinO ckazaHO Bbllle, BAB oOecneunBaeT HcuYephbIBarole U
IIEAOCTHBIE MOAEAU AN KOAWYECTBEHHOU OIleHKHW PHCKOB, CBS3aHHBIX C
Pa3AMUYHBIMM aBapUSIMM U IepeXOAHBIMU cOObITHAMU Ha ADC. OTH MOAEAn
SIBASIFOTCSI OY€Hb MOIIJHBIM UHCTPYMEHTOM, KOTOPBIM MOJKET ObITh HUCIIOAB30BaH B
Ka4yeCTBe OCHOBBI AOKYMEHTAalluM II0 BoIIpocaM oleclleyeHus 0e30MacHOCTH
CTaHOUU. Ba>kxHBIMU O0OAACTAMU IIPUMEHEHUSA TakuX BADB AAS9 KOHKPETHBIX YCAOBUM
SABASIIOTCS: YCTQHOBAEHHE  IIPUOPUTETHOTO MePCIEeKTUBHOTO MOBHIIIEHUS
0e30MacHOCTH, OLIEHKU C TOUYKU 3peHMs 0e30MaCHOCTH IIpepAaraeMbIX M3MeHeHUHN Ha
ASC wu cpaBHeHHE aAbTePHATUBHBIX IIPOEKTOB UAU U3MEHEHUU B WHCTPYKIUAX,
ONTUMHU3AIUS TEeXHUYECKUX YCAOBUM B OTHOUIEHUNU IEePUOAUYHOCTH
HUCHBITAHUU M AOIIYyCKAeMOI'O BpeMeHHU IIPOCTOS A OOCAY>KMBAHUS U
PEMOHTA, MA@HMPOBAHUE UCIBITAHUMN U OOCAY>KUBAHUSL, KOHTPOAB 3a KOH(UTypalen

cuctemM 0e30macCHOCTU CTaHIOIUXY, MOHUTOPUWHI YPOBHSA 0e30I1acHOCTH YCTAaHOBKH.



Coz3paHue apeKBaTHOM MaTeMaTuueckou MopeAu BABa sHeprobaoka ADC
TpeOyeT OOBEAVHEHNS YCUAWUM CIEUAAMCTOB PA3AUYHBIX
CHeIMaAbHOCTEN: KOHCTPYKTOPOB, MEXaHUKOB, (DU3UKOB, IPOEKTHUPOBIIVKOB,
CHEeIUAAUCTOB IO DAEKTPUUECKHUM U VIIPABAFIOUIUM CHUCTEMaM,
SKCIAYATAllMOHHUKOB W MHOTHX APYIuX. Takoe oObepAVHeHUe Pa3AnYHBIX
CHEIIMaAUCTOB B CO3AQHUU BEPOSITHOCTHOU MOAEAU SIBASIETCS Hauboaee
3(ppeKTUBHBIM CIIOCOOOM OOBEKTHBHO M IAyOOKO IIPOAHAAM3UPOBATh CBOMCTBA
ASC. OOycAOBA€HO 3TO TeM, 4TO Ar00asgs ADC gBAgeTCS 1O CBOEU CAOKHOCTH
0OBEKTOM, IPAKTUYECKN HEAOCTYIITHBIM AAS FTAYOOKOI'O ITIOHMMAHMUS OAHUM
yeAOBeKOM. MupoBasi MpaKTUKa CBUAETEABCTBYET O AOCTATOYHO YCIEIIHOM
IIpUMEeHEeHUU KOAEKTUBAMM CIIeIIUaAuCTOB MeTOAOB BABa B 11eAdaX BBISIBA€HUS
CAQO0BIX, C TOYKH 3peHUs 0e30IaCHOCTH, MECT B IIPOEKTe U 3Kcnayaranuu ASC, a
TaK’Ke B IeAsX ONTUMM3AaIUU 3aTpaT AAS YCTPAHEHUS BBIIBAEHHBIX
HEeAOCTATKOB.

[Tpoucxopsamiue mpoLecChl COBEPIIEHCTBOBAHUSA  METOAOAOTHMHM U
pacmmpeHuss oOaacTed U TAyOwHBI npuMeHeHuss BADB o00ycaoBAmMBaroTCA
TA@BHBIM 00pPa3oM CTpeMAeHneM obecrieuuTh Oe3onacHoCcTb ADC 3a cyUerT:
AOCTH>KEHUS AOCTAaTOYHOI'O YpPOBHS Oe3omacHocTH Ipoekra ADC u
AOCTQTOUYHOTO YPOBH4 3KcIAyaTanum ASC, ylipaBAeHHEe PUCKOM B TeYeHHe BCEero
KU3HeHHOro nukAaa ADC, OITUMAABHOTO PACIPEAEACHUs PECYPCOB IIPU MOBBIIIEHUN
0e3onacHoctTu ADC, pallMoHaAW3alluU IIPOIeCCOB NPUHATUS PeIlleHunM, BBIPaOOTKU
3(p(peKTUBHOM CTpaTErnu yIIPAaBACHUS TIKEABIMHU aBapUAMMU.

XapakTepusysi B 00llleM COBpeMeHHOe COCTOossHue MeTopororuu BAB



HeOOXOAUMO OTMETUTH, UTO CUCTeMHBIN aHaru3 ADC B OTHOIIEHUN aBapUNMHBIX
COOBITUYN M IIPOLLECCOB, OOYCAOBAEHHBIX BHYTPEHHUMU IIPUYUHAMM, AOCTUT
OTHOCHUTEABHO BBICOKOTO YpoBHS. OpHako 00

HCCAEAOBAHUAX aBapul, CBSI3aHHBIX C BHEITHUMU BO3AEUCTBUSMH, 3TOTO CKa3aTh
HeABb3d. Takas j)Ke CUTyalluss HMeeTCsd B OTHOIUIEHUU

MOAEAMPOBAHUSA OTKA30B IO OOLIMM IIPUYMHAM, @ Tak’Xe BAUSHUE YEeAOBEYeCKOIO
dakTopa. [loAayueHHBIE COOTBETCTBYIOIVE  PE3YAbTATHI  CONPOBOKAQIOTCS
3HAUUTEABHBIMU HEOIIPEAEAEHHOCTSIMU.

ChaepyeT TakKe OTMETHUTh, YTO IlepBOHaYyaAbHO BAB opueHTHpOBaACS Ha
[IOAy4YeHUEe KOAMYEeCTBEHHON OII€HKM PUCKA AASI 3A0POBbS HACEAEHUA.
OAHAKO CAOKHOCTB IIOAYUEHMS AOCTOBEPHBIX KOAWUYECTBEHHBIX PE3yAbTATOB,
OOyCAOBAEHHAsA CHENU(PUKOM AHAAM3UPYEMBIX IIPOIIECCOB CAEAAAU B
HacTosillee BpeMsl OOoAee aKTyaAbHBIM HCIIOAb30BaHUe MeTopororun BAB B
KayeCcTBe MHCTPYMEHTa CPAaBHUTEABHOTO aHaAW3a PAa3AUYHBIX BapUAHTOB

IIpepAara€eMBbIX IIPOEKTHBIX U OPraHM3aIIMOHHEBIX pelHeHHfI.

2. CTITELHIMAABHOE MATEMATHUYECKOE OBECITEUEHUE
AASL UHTETPUPOBAHHOI'O AHAAU3A HAAEJKHOCTH
N BE3OITACHOCTH ASC C PEAKTOPAMU PBMK
YCAOBHO METOAOAOTHMIO aHaAM3a HAAE)KHOCTU TEXHUUYECKUX CUCTEM B
oTAeAbHOCTH M Oe3omacHoCT ADC, Kak epAMHOe IIeA0e, MOJKHO pa30OUuTh Ha
HECKOABKO AECSITKOB Pa3AeAoB | 2 |, KaKABIM 13 KOTOPBIX COAEPIKUT CBOIO
METOAOAOTUIO U CBOM pacyeTHble MPOTrpaMMbl, KOTOPBIE, KaK IIPaBUAO,
pa3pabaThiBaAUCh M pa3pabaThIBAIOTCS PAa3AMYHBIMU opraHmu3anusMu. [ToaTomy

IOAHOMACIITaOHAas METOAOANAOTYA aHAAKN3d HAAEKHOCTHU U



Oe3omnacHocT ADC HEAOCTYITHA AASL PelIeHUs OllepPaTUBHBIX 3aAa4
0esomnacHocT ADC, Tak Kak TpedyeT 3(p(PeKTUBHOTO B3aMMOAEUCTBUS KAK MEXAY
HAay4YHBIMHM, KOHCTPYKTOPCKUMHU U IIPOEKTHBIMU OPraHW3alusMM, TaK U UX
B3aUMOAEMNCTBUA C ntepcoHaroM ADC. B CBA3M C 3TUM IIOCTOSIHHO BO3HMKAAAQ 33Aada
pa3paboTaTh Ha OCHOBE CYIIEeCTBYIOIIEN MEeTOAOAOTUU aHaAM3a HAAEKHOCTU U
0e3omnacHocT ADC 3KCIPEeCcc —MEeTOAOAOTHUIO, KOTOpas OblAa OBl 3aMKHYTOM, TO €CTh
OXBAaThIBaAd OBl BCe OCHOBHBIE PAa3AEABbl aHAAW3ad, HO BMeCTe C TeM ObIra OBl
OIlepaTHBHOM IIPU ee NPUMeHEeHUHU. 3AeCh IIOA OII€PATUBHOCTHIO B IIEPBYIO OYEePEAb
IIOHMMAETCS TO, YTOOBI BeCh KOMIAEKC HEOOXOAUMBIX PACYETOB MOKHO OBIAO OBI
IIPOBOAUTH CAMOCTOSITEABHO OAHOM OpPTaHU3aIluel, B TOM 4ucAe u nepcoHaroM ADC,
WAM, UYTO KpalHe >KeAaTeAbHO, OAHUM BBICOKOKBAaAU(PUIITUPOBAHHBIM CIIEIITUAAUCTOM.
[TosTOMY AASL BCEX OCHOBHBIX OOAACTEU MCCAEAOBAHUS, KOTOPBIMU SABASIOTCS
yeThIpe ypoBHA BepostHocTHOro AHaausa be3omnmacHoctu (BAB) ASC, ObiAM BEIOpPaHBI
IporpaMMhbl pacdeTa [ 3 |, KOTOpbIe IPOCTHl B UX MCHOAB30BAHUU Ha NEPCOHAABHBIX
KOMIIBIOTEPAX M KOTOPHbIe pa3paboTaHbl Ha OCHOBE MH>XE€HEPHBIX MEeTOAUK. B
pe3yabTare OBIAO OOPA30BAHO CIIeUAABHOE MaTeMaThudyeckoe oOecreueHne (CMO —
BAB), cocTosiiiee 13 CAEAYIOIINX PAa3AE€AOB, METOAMK M IIPOTPaMM, IIPEACTAaBA€HHBIX B

TabA. 1.



Taobawuia l. Ctpykrypa CnenmarbHOro MaremMmaTu4ecKoro

Oo0ecneuenuss CMO-BAB

Yposens BABa OOhnacTh aHaAmU3a MeTopuKM U IPOrpamMMBbl
BAB—0: HaAEXHOCTb TEXHUYECKUX METOA, AePEBBEB OTKA30B [ 4 |,
CcUcTeM nporpamMmbl PSA PACK, IRRAS
BAB—1: kareropus u 4acrora METOA, AepeBbeB cOObITUM [ 1 ],
MIOBPE’KAEHUS TOPIOYEro, nporpamMma RELAP
BAB —2: mepeHOC pPaAMOAKTUBHOCTHU MeToprKa BTU pacuera
o nomeineHussMm AIC, pacnopocTpaHeHus Tapo —
BBEIOPOC PAAMOAKTUBHOCTH BO3AYLIHOU cMmecH [ O |,
B atMmocdepy nporpamMma VSPLESK
BADB — 3: pacnpocTpaHeHus ['ayccoBckasa Teopus
PaAUOAKTUBHOCTH B pacupocTpaHeHUs IIpuMecen
B OKPYJKAIOIIEN cpepe B atMocdepe [ 6 ],

nporpaMmMma BIOMA
A03a OOAyUYEeHUS YeAOBeKa MeTop, MKP3 pacueta p03BI
oOAyuYeHUS 4eroBeKa [ 7 |,

nporpamma DOZA

Aanee 3Ty mporpaMMbl OBIAM MHCTAaAAMPOBAHBI Ha II€PCOHAABHBIN
KOMIIBIOTEpP. BMecTe ¢ rpadduyeCKUMU BO3MOKHOCTSIMHU IMEPCOHAABHBIX KOMIBIOTEPOB

MaTteMaTrudeckoe obecrnieueHnue CMO —BAB npepocTaBAsIeT HCCAEAOBATEAIO0 YAOOHYIO



HMHXXEHEPHO — OPHUEeHTUPOBAHHYIO CPEAY AAA IIPOBEACHUA aHAAM3d HAACKHOCTU U

0esomnacHoctu ASC ¢ peakropamu PEMK.

3. IINMAOTHOE IMTPUMEHEHUWE MATOBECIIEUEHUS CMO-BAB
B camoMm o0OmieM caydyae pa3dpaboTaHHOe MaTeMaThdeckKoe oOecledeHre
CMO —BAB 1npeapHAa3HAYeHO AAS UHTETPUPOBAHHOI'O aHAAM3A HAAEKHOCTU U
0e3onacHoctTu ADC. DTO 03HaUYaeT, UYTO C MOMOIIBIO 3TOI'O0 MaTEMATUUECKOT'O
obecrieueHUss HNCCAEAOBATEAb MOJKET BBHIIIOAHUTH HEOOXOAUMBIN PSA 3aAau 1O
HapeskHocTH U Oe3omnacHocTd ADC, HauuHada oT Mcxopnoro CoOBITHSI U KOHYAS
pacyeToM AO3bI OOAYUYEHHUS YeAOBeKa B pesdyabTaTe 3T1oro Mcexopnoro CoOvitusa. B
IIPUHIINIE BO3MOXKHO OObeAVHeHUe BCceX AOMUHAHTHBIX Mcxopaubrx CobObiTuii. Toraa
MaTeMaTuueckoe oOecneueHne CMO —BADB npespalllaeTcss B PACYETHYIO CUCTEMY,
MIO3BOASIONIYIO OIIPEAEAUTh YPOBEHb Oe30IIaCHOCTU (pUcKa) paccMarpuBaemort ASC.
B03MO>XHO, €CTeCTBEHHO, IIPOBEACHUE HEOOXOAUMBIX UCCAEAOBAHUM U MO YaCTAM, TO
€CTb MO>KHO IPOBOAUTH HEOOXOAUMBIE HE3aBUCHMbIE PACUETHI II0 aHAAU3Y
HaAeKHOCTU U Oe3onacHOCTH ADC AAd AFOOOTO OCHOBHOTO pPa3peAd MCCAEAOBAHUS.
[MTunroTHOe (MpoOHOE) mpuMeHeHMe MaTeMaTudeckoro obecneuenus CMO —BAB
IIPOBOAMAOCE IIPU PEIIEHUHU IIeAOTO PSAAA MPAKTUYECKM Ba’KHBIX 33734 A ADC ¢
peakTopamu PEMK. B gacTHOCTM OBIAU pelIeHBI CAEAYIOIIVe 3aAa4U:
AHAAU3 HAAEJKHOCTU (BAB-0):
1. ITpoBoaMACa aHaAM3 Hapes)kHOCTH CucteMm be3onacHOCTH peakTOPOB
PEMK — 1000 2 —11 ouepepu Kypckoit ADC u 1—11 ouepepun

Cmonenckou ADC [ 8 ].



2. AHaAM3UpPOBAAACh HAAEXKHOCTDh BricTpoaericTBytomert Hactu n YHactu AAUTEABHOTO
PacxonakuBanus CAOP peakropa PEMK — 1000 1 —ro 6aoka Kypckou ASC Kak A0
MopaepHuzanuu [ 9, 10], Tak u mocae

MopepHu3anuu [ 11, 12 ].

3. AHaan3upoBarach HapeXHOCTh BbricTpoaeticTByroment Hactu CAOP 1 —ro 6A0Ka
Urnanmuckou ASC [ 13 ].

AHAAN3 BE3OITACHOCTMU (BAB-2):

1. AHaAM3HUPOBAAUCH IIOCAEACTBUS aBapui ¢ pa3pbiBoM Hamnopuoro KoarekTopa u
Pazparounoro I'pynnoBoro Koarekropa 3 —ro 6aoka Cmoaerckou ASC [ 14 ].

2. AHaA3UPOBAAOCH U3MEHEHNEe AaBA€HUd B IoMelleHudaX 1 —ro OAoOKa
AennHrpapackor ASC npu runoTeTuYecKux paspelBax Hamoproro m BcaceiBarolero
KoarekTopoB KMIIL] peaktopoB PEMK — 1000[ 15 ].

[TopoOHasa 3apava pelnlarach AAS YaCTUYHBIX Pa3pbiBOB HamopHoro u BcackiBaromiero
KoanekTopos| 16 |.

3. ITpoBOAMAOCEH pacueTHOe OOOCHOBAHWE OCHOBHBLIX MEPONPUATUU MO pa3zpaboTKe
napo —Bo3AymHOU cMmecu peakTopoB PEMK — 1000 1 —oi1 ouepean /AeHUHTPAACKOMN
ASC [ 17].

C nowmoribio MaTeMaTuueckoro obecneuenuss CMO —BAB pemtaaruch
COOTBETCTBYIOIIHNE 3apaun Takke ard BAB—1 u BAB — 3. Beian IpoBeAEHBI TaKKe
COOTBETCTBYIOIINE PacyeThl AT AeTepMUHUCTCKON [loppaepsKKY TpepABapUTEABHOI'O
BABa Kypckou u Cmoaenckou ASC.

B pesyabTraTte pacueToB OBIAU IIOAYYEHBI Ba)KHble PEKOMEHAAIUN AAS MOBBIIIEHUS
ypoBHsA Oe3omnacHocTu ADC ¢ peakropamu PEMK, KOoTOpBIe OBIAM BHEADEHBI IIPU
PEKOHCTPYKIIMM ITepPBbIX OAOKOB AeHUHIpaAckou U Kypckoit ADC. Pe3yabTaThl

pacueToB TaK)Ke NMPUMEHSIAUCH TPU pa3paboTKe MEPOIPUSITUH IO MOBBIIIIEHUTO



ypoBHSA Oe3omnacHocTu MrHaamackom ADC AAS IOAYYEHUSI AMIEH3UU Ha ee
AAVUTEABHYIO 3KCIIAyaTallnio. B HacTogllee BpeMsi IPOBOAATCS @aHAAOTUUHBIE
pacueTHble UCCAEAOBAHUSA AAS IKCIEPTU3BI MEKAYHAPOAHOTO MPOeKTa 0 aHaAu3y

HAAEKHOCTHU 1 0e30IacHOCTH 2 —Tro O0A0Ka AeHuHTpapckon AJC.

4. OOEHKA BO3MOJKHOCTHN PA3PABOTKN MOHUTOPA PVICKA

PEAABHOI'O BPEMEHU HA OCHOBE ITEPCOHAABHBIX

KOMIIBIOTEPOB

B pabote [ 13 | Ha ocHOBe pacueta no nakery MAI'ATS PSA PACK HapeXHOCTH

CAOP Urnaannckou ADC m3ydarach NOTEHIIMAAbHAas BO3MOJKHOCTb pa3padOTKU
MonwuTtopa Pucka pearbHOTO BpeMeHM C IOMOIIbIO0 II€PCOHAABHBIX KOMIIBIOTEPOB.
Hu>ke IpuBOAATCS OCHOBHBIE PE3YABTATHI 3TOM pabOTHl. [lopAOOHBIN HaAW3
HapexHocTu CAOP peakropoB PBEMK npoBopuacsa paree [ 18 |. OpHako npu 3TOM
HaAEXKHOCTHBIE XapakTepucTuku cocTaBagdrommx CAOP saeMeHTOB Opanauch U3
Oo6o006mennon bassl AauHbIXx MAT'ATO, IOCKOABKY B TO BpeMs A@HHBIX IIO
HAAEKHOCTU AAS peakTopoB PBMK Owino HepocTaTOuHO. HecKOABKO 1o3xke
TaKue AQHHBbIE OBIAU IIOAYYEHBI M II0O3TOMY IIOSBUAACH BO3MOJKHOCTH IIPOBEAECHUS
QHAAOTUYHBLIX PACuyeTOB C pPeaAbHBIMU AAHHBIMU. [Ipm 3TOM, Kak U paHee,
paccmatpuBaracb CAOP 1—ro Oaoka Urrmaamnckou ASC, a AaHHBIE 1O
HaAEXHOCTH OpaAuCh M3 MaTepHUaAOB POCCHUUCKO — IIBEACKOTO MPOeKTa
"Bapceanna"[ 19 ].

B oTAamume oOT paHee NPUMEHSBUIEUCS AN aHAAW3a HAAEKHOCTU
nporpammbl FTAP (Fault Tree Analysis Programme) B AaHHOM caAydae
npuMeHsgArach nporpamma SETS (Set Equation Transformation System).

OtmernM, uTo nporpamma SETS cocTaBasieT OCHOBY IIDUMEHSEMBIX B



HacToslllee BpeMs IIaKeTOB IO aHaAM3y HAAEKHOCTH: aMepUKaHCKOTO
nakera IRRAS n mBepckoro makera RISK SPECTRUM. O3Orta nporpamma
BKAIOUEHA TaKyKe B MocAaepHre Bepcuu naketa MAT'ATO PSAPACK.

OpHAKO B OTAMYME OT IIPUMEHSIONIUXCS IIaKeTOB, TAe aHaAu3
HAAEKHOCTU IIPOBOAUTCS AASI  T'pauyeckoro AepeBa  OTKAa30B,
dopMupyeMOro Ha 3KpaHe AMCIIAes IIePCOHAABHOTO KOMIIBIOTEPa, B
AQHHOM CAydYae CTPOUACS OYAEBCKHUM aHaAOT AepeBa OTKa30B. IJTO
OOCTOSITEABCTBO IIO3BOAWIAO OIPEAEAWTH 'ducToe" BpeMs peliaeMou
3apauy, T.e. 0e3 yyeTa MAIIUHHOTO BpeMeHU Ha CepBUC — IIpeBpallleHune
rpadUYecKoro AepeBa OTKa30B B OyAEBCKOe.

Takoi moaAxop OBIA BBIOpaH IO AByM IipuumHam: 1. CAuUsIHHME MaAbIX
rpauuecKkuX AepeBbeB OTKA30B B OOABIIOE HE BCETAd BBIIOAHSETCS YCIIEUIHO, 10
KpariHeu Mepe, ¢ momoinbio maketa PSA PACK. 2. 3uasg "dyncToe" BpeMs pacueTa
OAHOM CcHCTeMbI 0€30IIaCHOCTH MOXXHO
OIIeHUTH BpeMsl aHaAM3a OAHOU KOH(UTypalluu BCeX CUCTeM 0e30MacHOCTH
peakTopa PEMK.

PacueThl BHITOAHSIAUCH B ABa dTama. Ha 1—M 3Tame TPOBOAUMACS
Pa3AEAbHBIM aHAAU3 HAAEKHOCTH PA3AUYHBIX KAaHAAOB 0€30IIaCHOCTHU
BreicTpopetricTBytomert Yactu CAOP, T.e. AA  KaXAOTO KaHaAd
0e30MacHOCTU CTPOMAOCH U @aHAAU3UPOBAAOCH CBOE AepeBO O0TKa30B. Ha
2—M 3Tame TPOBOAUACS COBMECTHBIM aHaAU3 HAAEKHOCTU Pa3AMYHBIX
KaHanoB OeszonacHocTHu breicTpoaencTByromen Yactu CAOP, T.e. ¢ IOMOIIBIO
OAHOTO OOABIIIOTO OYAEBCKOTO AepeBa OTKa30B.

AHAAN3 HAAEJKHOCTU: M cXOAHBIM IIYHKTOM IIPA IIPOBEAEHUU PAaOOTHI SBUAOCH

rpacpudeckoe AepeBO OTKa30B, MPUBEAEHHOE B OTUeTe IO NMPoeKTy 'bapceamna" [ 19 ].



TaMm >Ke UMeIOTCSI U HAAEeXKHOCTHBIE XapaKTePUCTUKU YUYUTHIBAEMBIX 3SAE€MEHTOB.
OxkonuatenpHOEe OyaeBckOoe AepeBo OTKA30B AAA BCeU BBICTpO — AeNCTBYyIOLIENU
Yactu ( BAY ) CAOP npuBepeHO B TabOA. 2.

T aobawuia 2. ByaeBcKkuil aHaaor eAuHOro Aepesa OTka3oB

AAst CAOP UrnaamHcKom ADC

GABC OR GAB GAC GBC
GAB AND GA00 GB00
GAC AND GA00 GC00
GBC AND GB00 GCO00
GA00 OR GAA00 GABO00
GAA00 OR GAA10 GAAAO00
GAA10 OR GAA20 GAA21 TH15S03 TH15S04
GAA20 AND GAA40 GAA41
GAA40 OR TH15S01 EKK11
GAA41 OR TH15S02 EP11
GAA21 OR TH30S01 TH30S02
GAAAO00 OR GAAA10 RSTF1
GAAA10 OR GAAA20 GAAA22
GAAA20 AND GAA30 GAAA31
GAAA30 OR CUT1 TH30S03S
GAAA31 OR CUT1 TH30S04S LVs51
GAAA22 OR TH30S03 TH30S04
GABO0 OR GABI10 GABA00
GABI10 OR GAB20 GAA21 TH25S03 TH25S04



GAB20

GAB30

GAB31

GABA00

GB00

GBA00

GBA10

GBA20

GAB40

GAB41

GBA21

GBAA00

GBAA10

GBAA20

GBAA30

GBAA31

GBAA22

GBB00

GBB10

GBB20

GBB30

GBB31

GBBAO00

GCo00

GL00

GL10

AND GAB30
OR TH25S01
OR TH25S02

OR LSTF1
OR GBAO00
OR GBA10
OR GBA20

AND GBA40

OR TH14S01

OR TH14S02
OR TH40S01
OR GBAA10
OR GBAA20
AND GBAA30
OR CUT2
OR CUT2
OR  TH40S03
OR GBB10
OR GBB20
AND GBB30
OR TH24S01
OR TH24S02
OR LSTF2
OR GL00
OR GL10

OR GL20

GAB31

EK11

EP11

GAAA10

GBB00

GBAA0O0

GBA21

GBA41

EN11

EJ11

TH40S02

RSTF2

GBAA22

GBAA31

TH40S03S

TH40S04S

TH40S04

GBB00

GBA21

GBB31

EN11

EJ11

GBAA10

GRO00

GLAO00

GL21

TH14S03

LUS1

LVs51

TH24S03

GL22

TH14S04

TH24S04



GL20 AND GL80 GLS82
GL80 OR TH19S05 TH19S04S
GLS82 OR TH18S04 TH18S03S
GL21 AND GL41 GL42 GL43
GL41 OR TH18S02 LA22
GL42 OR TH19S02 LA23
GL43 OR TH19S03 LA22
GL22 AND TH18S01S TH19S01S
GLA00 OR GLA10 RSPUR
GLA10 OR TH18S02S TH19S02S TH19S03S
GRO00 OR GR10 GRAO00
GR10 OR GR20 GR21 GR22
GR20 AND GR380 GR82
GRS80 OR TH29S05 TH29S04S
GR82 OR TH28S04 TH28S03S
GR21 AND GR41 GR42 GR43
GR41 OR TH28S02 LA25
GR42 OR TH29S02 LA26
GR43 OR TH29S03 LA25
GR22 AND TH28S01S  TH29S01S
GRAO00 OR RGA10 LSPUR
GRA10 OR TH28S02S  TH29S02S TH29S03S
ITpumeyanus:

1. OR u AND — Aormyeckue onepaToOpHI,
2. AoruYecKue IlepeMeHHble HQUMHAIOTCA ¢ OYKBHL G,
3. octanbHble ITepeMeHHBle THna TH15S01, CUT1 u T.0. TpeACTaBASIOT cOOOM

nmapamMeTpnl HapeKHOCTU ( basic events ) AAST COOTBETCTBYIOIIUX SAEMEHTOB

BAYH CAOP Hruarunckort ADC Ha TUAPABAUMYECKOM cxeMe..



Pe3yabTaThl pacyeToB IIpPEeACTaBA€HBI B TaOA. 3. V13 pe3yAbTaTOB pacueToB
CAEAYET, YTO BEPOATHOCTbL OTKa3a Ha TpeboBaHue BAYH CAOP HebOoAblIaf,
paBHasa 1.0E—04. TlpeperbHOe >Ke 3HAUEHHE OTOM BEAWYWHBI, KAK CUMTAIOT
KaHaACKue crieniarucTel [ 20 |, gaBasgerca 3HadeHue, paBHoe 1.0E—03. Takum
obpa3zom BAY CAOP 1 —ro 6aoka Urnaamackou ADC gaBAgeTCsI BeChbMa HaAEKHOU
CUCTEMOU Oe30IIaCHOCTH.

T a6 Awuia 3. OCHOBHbIE pe3yAbTaThl pacyeTra

Kanmana OTKa3s Ha Bpemsg cuerTa,
0e30I1aCHOCTHU TpeOOBaHUE CeK
1 — 11 GAANOHHBIN KaHaA 7.87E—03 1.5
2 — 11 OAANOHHBIM KaHaA 7.87E—03 1.5
HacocHbil kaHan 2.43E—03 1.8
BricTpoaelicTByIOIIAA 9.97E—05 11.7

yactb CAOP ( Kak

eAUHOE Ilenoe)

BPEMS CUETA: U3 TabA. 3 Tak)Ke CAeAyeT, UTO BpeMsl, 3aTpauruBaeMoe
nepcoHaAbHBIM KOMITbIOTepoM PC —386 AAd  aHaamM3a HAAEXHOCTH OAHOU
cucTeMbl 0e30IacHOCTH, cocTodInelr n3 70 SAeMeHTOB, HEBEAMKO U COCTaBASIET
Bcero 12 cek. B mHacrogiiee BpeMsa ycTaHOBAeHO [ 19 ], dWro aHaau3s

HapeXHOCTU peakTopoB PBMK BkAOUWaeT B cebs paccMoTpeHue He Ooaee 20



cucteM 0Oe30IaCHOCTM U CHCTEM, Ba’XHBIX AAd Oes3omacHocTu. [lpuyem B
KaKAOU cucreMe yuuThsiBaeTcsa He 6oaee 50— 100 saemenToB. [TosToMy aHaru3
HapexHoCcTH peakTopa PEMK (AAg opHOUM KOH(purypanuu cucteM Oe301acHOCTH)
MOJKHO BBIIIOAHUTH Ha IIEPCOHAABHOM KOMIIBIOTEpPE BCero 3a 3—4 MHUHYTHL. OJTO
O3HayaeT, 4TO Ha Oa3e NOPUMEHSBIIENWCS 3AeChb METOAOAOTUU (MMEHHO
IpUMeHeHNsA OYyAEBCKOI'O AepeBa OTKA30B) MOJKHO Pa3padoTaTh ONepPAaTUBHBIN
UHAMKATODP YPOBHSA 0€30IIaCHOCTH, 4dYacTo HasbiBaeMblli MouuTtopoM Pucka ( RISK
MONITOR ). OpHAKO AAS 3TOTO HEOOXOAUMO IIPEABAPUTEABHO BBIIIOAHUTH
CAEAVIOIIYIO paboTy: ard Kaxkporo Mcxopnoro CoObITHS HEOOXOAMMO
cooTBeTcTByIO1Iee AepeBa CoOBITHN NIPEeBPAaTUTh B OyaeBckoe AepeBo OTKa30B U
3aTeM IIPOBECTH CyMMUpoBaHUe 1o BceM McxopHBIM COOBITHSM.

5. BBIBOADBI

1. CoBpeMeHHasi METOAOAOTHS @HAaAU3a HapAeKHOCTH U Oe3omnacHoCcTH ADC BBUAY
ee TPOMO3AKOCTH He MO3BOASIET OIIepaTUBHO pelllaTh IIpaKTuYecKue 3apauu. B cBsi3u
C 3THM IIOCTOSSHHO BO3HUKAaAA 3apada pa3paboTaTh Ha OCHOBE CYIIEeCTBYIOIIEU
METOAOAOTUU BKCIPECC — METOAOAOTHIO, KOTOpasi OXBaThbiBaAa ObI OCHOBHBIE OOAACTU
BepostHocTtHOTrO AHaam3za be3omnacHoctu (BAB), HO BMecTe ¢ TeM ObiAa Obl
3(ppekTUBHOM IPU €e IPUMEHEHNH.

2. AAg BCceX OCHOBHBIX OOAACTel aHaAM3a: pacyeT HapekHocTu Cucrem
BezomacHOCTH, pacyeT 4aCTOThI MOBPEKAECHMS aKTUBHOM 30HBLI, pacyeT IepeHoca
PaAHOaKTUBHOCTH 11O noMelreHuaM ADC, pacueT paclIpoCTPaHEHUS
PaAMOAKTUBHOCTH B aTMOC(epe, pacueT A03bl OOAYYEHUS YEeAOBEKA
OBIAM BBIOpAHBI, AOPAaOOTaHBI U COCTAaBAEHBI INIPOTPAMMBI pacueTa, KOTOPhIe IPOCTHI B

WX WCIOAB30BAHUM HA MEPCOHAABHBIX KOMIBIOTEPAX M KOTOPHIE pa3pabOTaHbI Ha



OCHOBE METOAUK, KOTOPHEIE MOTYT OBITh OBICTPO U TAYOOKO MTOHUMaeMbl
CHeIUaAUCTaMU, BEAYIIUMU COOTBETCTBYIOIINE IIPAKTUUYECKUe pacuyeTHbIe
uccaepoBanus aasd ASC. Aaree 3TU TIporpaMMbl OBIAU MHCTAAAMPOBAHBI Ha
IIEPCOHAABHBIU KOMIIBIOTED. B pedyabraTe OBIAO cO3paHO CrnenuanrbHOE
MaTtemaTtnueckoe Obecneuenue (CMO —BAB) aAsT TepCOHAABHBIX KOMITBIOTEPOB.
BMmecTe ¢ rpauyeckuMy BO3MOKHOCTSIMU ITI€PCOHAABHBIX KOMIIBIOTEPOB 3TO
CnenmarbHoe MaTteMaTtuueckoe OOecniedeHne obecrieumBaeT YAOOHYIO
BBIYUCAUTEABHYIO CPEAY AAS IIPOBEAEHUS WHTErPUPOBAHHOTO aHAAM3a HAAEKHOCTU U
0e3omnacHoctu ASC.

3. C momomibio noaAroroBAeHHoro CrienmmarbHOTo MaTeMaTudeCcKoTo
Oobecneuenusa CMO —BAB ObIA pellleH psgA IIPAaKTUUYECKU Ba*KHBIX 3aAa4 II0 aHAAM3Y

HapexHOCTH U Oe3onacHocT ADC ¢ peakropamu PEMK.
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